Evidence accumulated over the last 50 years shows that radiation also has indirect 'non-target' actions in which effects of radiation on cells or tissues are transported to cells or tissues that were not 'hit' by radiation, leading to changes in their function. Radiation-induced cytotoxic and genotoxic effects by the bystander effect is in contrast to the observations of the adaptive responses, which are generally induced following exposure to low dose, low linear energy transfer radiation and which tend to attenuate radiation -induced damage. In this paper the evidence of the radiation induced bystander effect and adaptive response are discussed. The implications of these non-targeted effects to radiotherapy and radiation protection practices are also highlighted.
Introduction
Los Alamos National Laboratory biologist Bruce Behnert's study of the effects of extra cellular mediators, including proteins, from irradiated human cells on non-irradiated cells has confirmed the existence of bystander effect. Treatment of cells with low doses of radiation results in the release of specific factors outside the cell that seem to be responsible for biological changes in cells not directly exposed to radiation.
These are called "bystander effects" (1) . The classical dogma of radiation biology, as narrowly interpreted from target theory (2) asserts that genetic damage occurs only during or very shortly after deposition of energy in nuclear DNA (targeted effects), is either due to the direct action of the irradiation or from very short lived oxy-radicals generated by it, and that the course of biological consequences is fixed within one or two cell generations (3). The major feature of non-targeted effects is that direct nuclear (DNA) exposure is not required for their expression. Much evidence has accumulated that cannot be explained by this dogma. Among these heretical results are 'bystander effects' (BSE), defined as effects elicited in cells that are not directly 'hit' by radiation (4) . There are other non-targeted phenomena, including radiation -induced adaptive response and long-lasting alterations in gene expression, transmissible genomic instability (TGI), low-dose radio hypersensitivity (HRS), delayed reproductive death, and radiation-induced long lived radicals (5) (6) (7) . This present review is on adaptive response and radiation bystander effects.
PARADIGM SHIFT
Non-targeted phenomena have sometimes been referred to as paradigm shifting". As defined by Kuhn (8) a 'paradigm shift' is an intellectually violent revolution in which one conceptual world view is replaced by another, as for example, the shift from Ptolemaic to the Copernican view of the universe. So, while these findings need careful consideration, especially as they may come to affect estimates of risk, they do not constitute a true paradigm shift, especially since much of the heretical evidence existed for a long time (9) , so that even this relatively minor shift in the world view has been via evolution rather than revolution (8) . Thus, characterization of these results as 'paradigm shifting' is dramatic but seems unwarranted (4).
ADAPTIVE -RESPONSE MODEL
In addition to threshold and non-threshold models of radiation injury, adaptive-response model also exists. This 
BYSTANDER EFFECT MODEL AND OCCURRENCE
This postulates that low dose radiation may even be more damaging than that predicted by the linear non-threshold model (which postulates that low-dose radiation is just as harmful per gray as high-dose radiation). Springer (1) noted that subjecting cells to stresses, such as oxidative damage and radiation, induces the release of cell surface proteins by a process of regulated "shedding", or 
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